Supplementary Results
Detailed descriptions of TEVAR and EVAR 
Automated TEVAR procedure
[bookmark: _Hlk115871935]Step1: The surgeon loaded a guidewire (Radifocus™ Guide Wire M Standard Type RF*GA35263M, Terumo, Shibuya, Japan) into the robotic system and completed initialization. Manipulator 1 (M1) clamped the guidewire, and Manipulator 2 (M2), Manipulator 3 (M3), and Manipulator 4 (M4) held the guidewire. When all set, the surgeon clicked the confirm button. Descriptions about confirmation of each step were omitted below. The guide wire was automatically advanced 43 advancement action units to P1. Each “clamp-advance-loosen-retract” group was programmed as an advancement action unit. The speed and distance of each unit were 10mm/s and 20mm respectively.
Step2: The surgeon loaded a 5F pigtail catheter (AltaFlow Measuring Catheter 1080-4100, Optimed, Peachtree Corners, GA) to into the robotic system and completed initialization. M1 clamped the pigtail catheter while M4 clamped the guide wire. M2 and M3 kept holding state. The pigtail catheter was automatically advanced 42 advancement action units to P2. The speed and distance of each unit were 10mm/s and 20mm respectively.
Step3: M1 clamped the pigtail catheter while M4 clamped the guide wire. M2 and M3 kept holding state. The guidewire was automatically retracted 43 retraction action units to Pr. Each “clamp-retract-loosen-advance” group was programmed as a retraction action unit. The speed and distance of each action unit were 10mm/s and 20mm respectively. 
Step4: Preoperative angiography was completed.  
Step5: The 0.035inch extra-stiff wire (Lunderquist Extra-Stiff Wire Guide TSMG-35-260-LES, Cook Medical, Bloomington, IN) was load up by the surgeon and initialization was completed. M1 and M3 clamped the pigtail catheter and M4 clamped the extra-stiff wire. M2 kept holding state. The extra-stiff wire was automatically advanced 43 advancement action units to P1. The speed and distance of each unit were 10mm/s and 20mm respectively.
Step6: The pigtail catheter was automatically retracted 42 retraction action units to Pr. Each action unit was programmed as follow. M1 and M2 loosened. M4 clamped the extra-stiff wire and M3 clamped the pigtail catheter. M3 retracted for 20mm and loosened. Then M3 advanced for 20mm and M4 loosened. Arm 2 with M3 and M4 retracted for 20mm. M3 and M4 switched to clamped state. The speed of each action unit is 10mm/s
[bookmark: _Hlk116087026]Step7: The stent-graft (Valiant™ Thoracic Stent Graft VAMF3636C200TU, Medtronic, Minneapolis, MN) was manually loaded into the robotic system and initialization was completed. Grippers of M2 and M3 were replaced with the stent-clamping type accordingly. M1 clamped the graft cover of the stent-graft delivery system. M2 and M3 loosened. M4 clamped the extra-stiff wire. The stent-graft was automatically advanced 34 advancement action units to P3b. Each advancement action unit was the same as that in Step1.
Step8: States of all manipulators remained unchanged. The advancement distance and speed of each action unit were altered as 1mm and 1mm/s, respectively. The stent-graft was advanced another 4 advancement action units to P3a. 
[bookmark: _Hlk116086099]Step9: M1 held the graft cover. M2 clamped the front grip. M3 clamped the slider. M4 loosened. M3 and M4 kept relatively stationary. Two special action units were programmed as follows. First, Arm2 with M3 and M4 retracted 210mm to deploy the stent-graft. The retraction speed was 30mm/s. Second, M3 clamped the tip capture release handle, rotated 90 degrees counterclockwise to unlock it and retracted for 20mm to release the proximal bare stent.
[bookmark: _Hlk116086144]Step10: M1 clamped the graft cover. M2, M3, and M4 loosened. M1 and M2 kept relatively stationary. A special action unit were programmed as follow. Arm1 with M1 and M2 retracted 210mm to withdraw the delivery system. The retraction speed was 10mm/s. 
Step11: The delivery system was automatically retracted 23 retraction action units. Each action unit was basically the same as that in Step6 except that M3 clamped the distal part of the screw gear. Then the distance and speed of each action unit were altered as 1mm and 1mm/s respectively. The delivery system was retracted another 14 retraction action units until the tapered tip reached Pr.
Step12: The surgeon loaded a 5F pigtail catheter into the robotic system and completed initialization. Grippers of M2 and M3 were changed to the original type. M1 clamped the pigtail catheter while M4 clamped the guide wire. M2 and M3 kept holding state. The catheter was automatically advanced 42 advancement action units to P2. Each advancement action unit was the same as that in Step1. 
Step13: M1 clamped the pigtail catheter while M4 clamped the extra-stiff wire. M2 and M3 kept holding state. The extra-stiff wire was automatically retracted 43 retraction action units to Pr. Each retraction action unit was the same as that in Step3. 
Step14: Postoperative angiography was completed.
Automated EVAR procedure
Step1: The surgeon loaded a guidewire (Radifocus™ Guide Wire M Standard Type RF*GA35263M, Terumo, Shibuya, Japan) into the robotic system and completed initialization. Manipulator 1 (M1) clamped the guide wire, and Manipulator 2 (M2), Manipulator 3 (M3) and Manipulator 4 (M4) held the guidewire. When all set, the surgeon clicked the confirm button. Descriptions about confirmation of each step were omitted below. The guide wire was automatically advanced 35 advancement action units to P1. Each “clamp-advance-loosen-retract” group was programmed as an advancement action unit. The speed and distance of each unit were 10mm/s and 20mm respectively.
Step2: The surgeon loaded a 5F pigtail catheter (AltaFlow Measuring Catheter 1080-4100, Optimed, Peachtree Corners, GA) to into the robotic system and completed initialization. M1 clamped the pigtail catheter while M4 clamped the guide wire. M2 and M3 kept holding state. The pigtail catheter was automatically advanced 34 advancement action units to P2. The speed and distance of each unit were 10mm/s and 20mm respectively.
Step3: M1 clamped the pigtail catheter while M4 clamped the guide wire. M2 and M3 kept holding state. The guidewire was automatically retracted 35 retraction action units to Pr. Each “clamp-retract-loosen-advance” group was programmed as a retraction action unit. The speed and distance of each action unit were 10mm/s and 20mm respectively. 
Step4: Preoperative angiography was completed.  
Step5: The 0.035inch extra-stiff wire (Lunderquist Extra-Stiff Wire Guide TSMG-35-260-LES, Cook Medical, Bloomington, IN) was load up by the surgeon and initialization was completed. M1 and M3 clamped the pigtail catheter and M4 clamped the extra-stiff wire. M2 kept holding state. The extra-stiff wire was automatically advanced 35 advancement action units to P1. The speed and distance of each unit were 10mm/s and 20mm, respectively.
Step6: The pigtail catheter was automatically 34 retraction action units retracted to Pr. Each action unit was programmed as follow. M1 and M2 loosened. M4 clamped the extra-stiff wire and M3 clamped the pigtail catheter. M3 retracted for 20mm and loosened. Then M3 advanced for 20mm and M4 loosened. Arm 2 with M3 and M4 retracted for 20mm. M3 and M4 switched to clamped state. The speed of each action unit was 10mm/s.
Step7: The stent-graft (Endurant II AAA Stent Graft System-BIFURCATIONS ETBF2516C166E, Medtronic, Minneapolis, MN) was manually loaded into the robotic system and initialization was completed. Grippers of M2 and M3 were replaced with the stent-clamping type accordingly. M1 clamped the graft cover of the stent-graft delivery system. M2 and M3 loosened. M4 clamped the extra-stiff wire. The stent-graft was automatically advanced 18 advancement action units to P3b. Each advancement action unit was the same as that in Step1.
Step8: States of all manipulators remained unchanged. The advancement distance and speed of each action unit were altered as 1mm and 1mm/s, respectively. The stent-graft was automatically advanced another 4 advancement action units to P3a. 
[bookmark: _Hlk116086241]Step9: M1 held the graft cover. M2 clamped the front grip. M3 clamped the slider. M4 loosened. M3 and M4 kept relatively stationary. Two special action units were programmed as follows. First, Arm2 with M3 and M4 retracted 170mm to deploy the stent-graft. The retraction speed was 30mm/s. Second M3 clamped the tip capture release handle and continuously rotated 5400 degrees (15 circles) to release the bare stent.
[bookmark: _Hlk116086309]Step10: M1 clamped the graft cover. M2, M3, and M4 loosened. M1 and M2 kept relatively stationary. A special action unit was programmed as follow. Arm1 with M1 and M2 retracted 170mm to withdraw the delivery system. The retraction speed was 10mm/s.
Step11: The delivery system was automatically retracted 9 retraction action units. Each action unit was basically the same as that in Step6 except that M3 clamped the distal part of the screw gear. Then the distance and speed of each action unit were altered as 1mm and 1mm/s respectively. The delivery system was retracted another 14 retraction action units until the tapered tip reached Pr.
Step12: After the establishment of extra-stiff wire channel (Amplatz Super Stiff™, Boston Scientific, Marlborough, MA), the surgeon loaded the aortic iliac stent (Endurant II AAA Stent Graft System-LIMBS ETLW1616C124 E, Medtronic, Minneapolis, MN) into the robotic system and completed initialization. Grippers of M2 and M3 were replaced with the stent-clamping type accordingly. M1 clamped the graft cover of the stent-graft delivery system. M2 and M3 loosened. M4 clamped the extra-stiff wire. The stent was automatically advanced 11 advancement action units to P4b. The speed and distance of each unit were 10mm/s and 20mm respectively.
Step13: States of all manipulators remained unchanged. The distance and speed of each action unit were altered as 1mm and 1mm/s respectively. The stent was automatically advanced another 6 advancement action units to P4a. 
Step14: M1 held the graft cover. M2 clamped the front grip. M3 clamped the slider. M4 loosened. M3 and M4 kept relatively stationary. A special action unit was programmed as follow. Arm2 with M3 and M4 retracted retracted 125mm to deploy the stent. The retraction speed was 30mm/s. 
Step15: M1 clamped the graft cover. M2, M3, and M4 loosened. M1 and M2 kept relatively stationary. A special action unit was programmed as follow. Arm1 with M1 and M2 retracted 125mm to withdraw the delivery system. The retraction speed was 10mm/s.
Step16: The delivery system was automatically retracted 5 retraction action units. Each action unit was basically the same as that in Step6 except that M3 clamped the distal part of the integrated handle. Then the distance and speed of each action unit were altered as 1mm and 1mm/s. The delivery system was retracted another 1 retraction action unit until the tip of it reached Pl.
Step17: The surgeon loaded a 5F pigtail catheter into the robotic system and completed initialization. Grippers of M2 and M3 were changed to the original type. M1 clamped the pigtail catheter while M4 clamped the guide wire. M2 and M3 kept holding state. The catheter was automatically advanced 34 advancement action units to P2. Each advancement action unit was the same as that in Step1. 
Step18: M1 clamped the pigtail catheter while M4 clamped the extra-stiff wire. M2 and M3 kept holding state. The extra-stiff wire was automatically retracted 35 retraction action units to Pl. Each retraction action unit was the same as that in Step3. 
Step19: Postoperative angiography was completed.
